The onset, quality and duration of analgesia and side-effects of a single bolus dose of either epidural pethidine 50 mg or fentanyl 100 mcg, administered immediately post-delivery, were compared in a randomised, double-blind study ofjifty-jive women undergoing epidural caesarean section. The onset of effect was more rapid with fentanyl, a signijicantly larger number of women achieving complete pain relief jifteen minutes post-administration (P < O. 05). The quality of analgesia was good in both groups and the quality and duration of effective analgesia not significantly different. The incidence and severity of side-effects were low, with no significant difference between groups. One patient in the pethidine group experienced early onset respiratory depression; however, she did not require active treatment. Epidural fentanyl 100 mcg appears to offer a small clinical advantage over pethidine 50 mg for intraoperative use during caesarean section.
Since the first clinical reports of epidural opioid administration for post-caesarean section pain management,I,2 this technique has rapidly grown in popularity. Analgesia is at least as effective as, ifnot more than, either epidural local anaesthetic or intermittent intramuscular opioid, and is very popular with patients. 3 The most extensively investigated drug, morphine, has several inherent disadvantages because of its low lipophilicity, slow transfer to and uptake by the spinal cord, and persistence in the cerebrospinal fluid (CSF) such that late rostral spread to brainstem centres may occur. 4 ,5 Its clinical use is associated with a slow onset of action and many undesirable side-effects, especially respiratory depression. 4 ,6 It is thus an inappropriate choice intraoperatively for immediate pain relief and many anaesthetists also consider it inappropriate when high dependency care or special surveillance is either unavailable or impracticable, as usually applies following caesarean section. 7 -10 Which of the currently available opioids is the most suitable in this setting is, however, arguable. Two lipid-soluble opioids which have become popular in Australasia for perioperative use for caesarean section are pethidine and fentanyl. Both have a more rapid onset of analgesic effect, with fewer sideeffects than morphine, but have a significantly shorter postoperative duration of effect. II - 14 Their potential for respiratory depression, especially of delayed onset, is also lower. 4 ,7-10,15-18 Post-caesarean section epidural pethidine (in doses of 50 mg or more) or fentanyl (50 mcg or more) result in effective analgesia within about twenty minutes, and of two to five hours duration. 1 • 3 ,11.l4,19,20 Despite one or both drugs having a well-established place in several major obstetric hospitals, no comparison has been made to determine if either offers significant clinical advantages for perioperative caesarean section pain management. It was the purpose of this randomised, double-blind study to make such a comparison between pethidine 50 mg and fentanyl 100 mcg administered as a single intraoperative epidural bolus.
METHOD AND MATERIALS Fifty-five healthy women at term with singleton pregnancies and with no medical or obstetric complications were studied during epidural caesarean section. The study was approved by the Hospital Ethical Committee, the patients' obstetricians, and informed consent obtained from all women. Patient characteristics of age, weight, height, parity, elective or in-labour caesarean and the prior administration of pethidine were noted. Epidural anaesthesia was established from S5 to at least T5 dermatone via midlumbar catheter, using lignocaine 2% with adrenaline I :200,000 as either the sole local anaesthetic (in elective cases) or the top-up agent for previously established epidural analgesia in labour. Immediately after delivery, patients were asked to quantify any pain being experienced at that time on an unmarked 100 mm visual linear analogue pain scale and baseline recordings of heart rate (HR), blood pressure (BP), and respiratory rate (RR) were made. Each patient was then assigned to recei ve, over two minutes, a 10 ml bolus of epidural solution from a numbered ampoule containing either preservative-free pethidine 50 mg or fentanyl 100 mcg in normal saline, these having been independently prepared and randomised by the hospital pharmacy. The patient was instructed to request further analgesia should the initial analgesic effect prove unsatisfactory or at any time thereafter that she required further pain relief.
The onset and efficacy of analgesic effect were assessed by further patient pain scores at 5, 10, 15 and 30 minute intervals postadministration and 30 minutely thereafter until either further analgesia was received or six hours had elapsed without further analgesic requirement. To confirm regression of the sensory block, a check was made for the presence of normal skin sensation at the Ll dermatome three hours post-administration of the opioid and, if necessary, hourly thereafter until such regression had occurred. The onset of analgesic effect was defined as the time interval between completing administration of the study opioid solution and the time of maximum reduction in pain score, in those recording a baseline score greater than zero. The duration of effective analgesia was defined as the interval from administration to the time of first receiving subsequent postoperative analgesia. Coinciding with each pain score assessment, observations of HR, BP and RR were made by the anaesthetist and subsequently recovery room or postnatal ward nursing staff, all of whom were also blind to the opioid used. Attendants were also asked to record sideeffects, in particular nausea, vomiting, sedation, pruritis and respiratory depression (defined as a RR less than ten breaths per minute). Those side-effects requiring notification for consideration of specific treatment were nausea-vomiting (with parenteral antiemetic), excessive sedation, severe pruritis or respiratory depression (with intravenous naloxone).
Descriptive statistics (mean±standard deviation) were used to describe most variables. Comparisons of these variables were made using one-way MANOY A (multivariate analysis of variance) applied to patient characteristics, duration and pain score at last assessment. Non-parametric tests (Wiicoxon scores, Wiicoxon 2-sample test, Kruskal-Wallis test) and the two-sample t test were applied to each patient characteristic and side-effect, duration, baseline and last pain score. Fisher's Exact test was applied to each side-effect, parity, type of caesarean, sideeffects as a whole, the number of patients with zero pain score at 0, 5, 10, 15, 30 and 60 minutes and the number achieving zero pain score. All tests were done at the 5% level of significance (P < 0.05).
RESULTS
Five cases were excluded from statistical analysis because of incomplete data collection. Of the 50 remaining cases, 23 were in Table 1 . There was no statistically significant difference between groups with respect to age, weight, height, parity, type of caesarean or the prior administration of pethidine. 
Analgesia
The baseline pain score, score at last assessment, onset time, number of patients achieving zero pain score (if in pain at the time of administration) and duration of effective analgesia are shown in Table 2 . There was no significant difference between groups with respect to baseline pain score or score at last assessment. Sensory block had regressed to below L1 in all cases at four hours and in 96% of cases at three hours.
Onset of analgesia was more rapid in the fentanyl group (mean 26 minutes versus 42 minutes), but this did not reach a level of statistical significance (P = 0.06). During the first 60 minutes post-administration, the number of patients recording zero pain score is shown in Figure 1 . At 15 minutes a significantly greater (P = 0.03) number of
patients in the fentanyl group (78%) had no pain compared to the pethidine group (48%). The slopes of the plots of mean pain score, expressed as a percentage of baseline pain score, at intervals during the first sixty minutes post-administration, were not significantly different between groups (see Figure 2 ). The number of patients achieving a zero pain score (if initially in pain) was high in both groups (84% overall) and not significantly different. The duration of effective analgesia is shown in Figure 3 . The mean durations of 4 hours 25 minutes for pethidine and 3 hours 52 minutes for fentanyl were not significantly different.
Maternal side-effects
The incidence of maternal side-effects is shown in Table 3 . Of those in the fentanyl
The patient pain score pre-administration oJ epidural opioid and at the first request Jor analgesia post-administration. The onset to maximum reduction in pain score; the number oJ patients initially with a score greater than zero who achieved a zero pain score post-administration; and the duration oJ effective analgesia 
DISCUSSION
Both epidural pethidine and fentanyl have an established place in perioperative caesarean section pain management. In this study the two groups were well matched for patient characteristics (including parity and Pethidine (n = 23) Fentanyl (n = 27)
type of caesarean), baseline pain score and final pain score. Although initial pain scores were generally low, 64% of all patients were experiencing some pain in the immediate post-delivery period intraoperatively, a time at which surgical visceral stimulation is maximal and supplementary analgesia is most often required. Onset of analgesia following the administration of epidural opioids is determined by the drug's dosage, physicochemical properties (molecular weight, degree of ionisation and lipophilicity) and physiological factors which modify its spinal canal pharmacokinetics. Transfer into CSF via dural cuff arachnoid granulations and posterior radicular branches of segmental spinal arteries is favoured by high lipophilicity and direct transdural transfer by low molecular weight, while only the unionised fraction of the drug at physiological pH (determined by pKa) is available for transfer. 4 Although pethidine (pKa 8.7) and fentanyl (pKa 8.4) are both less than 10% unionised at pH 7.4, they are highly lipophilic compared with morphine (octanol -pH 7.4 buffer partition coefficients 1.42 for morphine, 38.8' for pethidine, 813 for fentanyl) and of similar low molecular weight. Furthermore fentanyl demonstrates higher than expected transdural passage, possibly because of its linear molecular shape. 21 Thus in contrast to morphine, both drugs show a rapid rise in CSF concentration within five minutes, peaking at about 15 minutes, after epidural administration. 22 -24 Systemic absorption is also rapid and in the case of pethidine, but not fentanyl, this may transiently contribute to analgesic effect, especially in pregnant women in labour. 22.24-26 Clinical studies confirm the rapid onset of both drugs, with a small degree of variability depending on the dose, clinical setting and method of assessment. After caesarean section, epidural pethidine 50 mg has been claimed to produce 'dramatic and complete' pain relief within five to ten minutes,27 although results from the same institution in a double-blind study showed almost complete pain relief at 15 minutes and peak effect at about 30 minutes. 3 Epidural fentanyl 100 mcg intraoperatively during ceasarean section has been reported to result in complete analgesia in only three to six minutes, 14 although other reports indicate an onset over five to ten minutes and peak effect in ten to twenty minutes. 1 ,19 Although a placebo group was not included to examine the change in pain scores during a period of varying surgical stimulation immediately postadministration, both clinical experience and a previous placebo-controlled study have demonstrated the significant analgesic effect of an appropriate dose of opioid given at this time. 14 The results of this study confirmed previous findings that in both groups significant falls in pain score had occurred at 10 minutes and the majority of patients had achieved complete relief of their pain at 30 minutes. There is reasonable evidence that epidural fentanyl has a slightly more rapid onset of effect than pethidine, as demonstrated by a more rapid initial decline in baseline pain score; a greater number of patients achieving zero pain score between 10 and 30 minutes (the difference reaching statistical significance at 15 minutes) and a shorter mean time to maximum effect. If the rapid relief of intraoperative or postoperative pain is a primary consideration, then fentanyl appears to be the drug of choice.
The doses of opioid used in this study were known to be efficacious for post-caesarean pain control. 3 ,14,19,20 Pethidine 50 mg results in complete pain relief on most occasions and, although to my knowledge no dose-response studies have been performed, larger doses neither improve efficacy nor duration and may increase the incidence of side-effects. 11 ,12,28 In a double-blind within-patient comparison of epidural pethidine, bupivacaine, or intramuscular pethidine, the best analgesia was obtained with the epidural methods and epidural pethidine 50 mg was the preferred treatment. 3 100 mcg is a popular dose for epidural fentanyll,2,19,20 and although a dose-response study suggested 50 mcg was optimal for efficacy, the larger dose confers a more rapid onset without increasing sideeffects.14 In this study the efficacy of both drugs was high, 84% of cases achieving complete pain relief if initially in pain. Of the pethidine group 74% and of the fentanyl group 82% had no pain at one hour postadministration. The duration of complete pain relief was not assessed, although it has recently been reported as 131 minutes (mean) after 100 mcg of fentanyl intraoperatively at ceasarean section.20 The quality of analgesia in this study was good. However, claims of 100% success in producing complete analgesia reported in two small series of patients given 50-100 mcg bolus doses of fentanyl in a similar clinical situation were not confirmed. 14, 20 As predicted by pharmacokinetic considerations, both epidural pethidine and fentanyl have a relatively short duration of effect. The unionised lipophilic drugs have a rapid egress from spinal cord receptors and nonspecific binding sites, probably assisted by a rapid uptake into epidural veins at the level of arachnoid granulations. In pregnant women, the postoperative duration of action is further reduced, probably as a result of reduced drug availability secondary to increased systemic absorption via increased epidural blood flow. 4 The mean durations of effective analgesia in this study, 232 minutes for fentanyl and 265 minutes for pethidine, were not significantly different and consistent with previous reports. I -3 ,14,19,20,28 The range for both was large (95 to 360 minutes) reflecting considerable individual variability in response. The addition of adrenaline to epidural opioids has been used to increase duration of effect by either reducing systemic absorption, thus increasing drug availability, or enhancing analgesia directly by an action on spinal cord a-adrenergic receptor pathways involved in pain transmission. Although ineffective with morphine, the duration of more lipid-soluble opioids like pethidine and fentanyl is prolonged postoperatively. 19,28.30 However, the increase is moderate and may be at the expense of more side effects. 19, 30, 31 Research continues into agents with a rapid onset but long duration, for example opioids of high lipophilicity and mu-receptor affinity (sufentanil); partial agonists with delta or kappa-receptor affinity (butorphanol); or endogenous peptides. 9 ,15 Side-effects associated with epidural opioids include sedation, nausea, vomiting, pruritis, urinary retention and possibly hypertension. 4 ,32,33 Their incidence and severity may cause concern after morphine but are seldom a problem after pethidine or fentanyl. Sedation appears less common than when equivalent parenteral doses are used,4,27 and nausea and vomiting are infrequent, mild and seldom require treatment. 3 ,7,14,29 Pruritis is said to occur in one-quarter to one-third of patients (on direct questioning) after epidural pethidine post-caesarean 27 and in 15-40% after epidural fentanyl postoperatively. 14, 19, 20, 34 It is usually mild, of brief duration and diminishes with subsequent doses. Generalised pruritis is thought to be due to widespread alteration in sensory modulation and occurs when there is evidence of opioid migration over the entire spinal cord to the brain.4 A multisynaptic enkephalinergic itch reflex has been postulated. 32 After lipophilic opioids pruritis tends to remain more localised to the trunk and limbs and although dose-related, is reversible with small doses of naloxone. Fentanyl is said to exhibit more minor side-effects than pethidine;8 however, this has not been the' author's experience and in this study neither the overall incidence nor the incidence of individual side-effects was significantly different between groups. All individual sideeffects were mild and occurred with an acceptably low incidence. The low incidence of pruritis in both groups probably reflects under-reporting since direct patient questioning was not used.
The major constraint on the clinical use of epidural opioids is concern over their potential for causing delayed respiratory depression, especially of delayed onset. 7 -10 Anaesthesia and Intensive Care. Vol. 17, No. 2, May, 1989 Ionised morphine persists in CSF in high concentration such that following rostral spread in the spinal subarachnoid space CSF circulation over three to five hours, it may then contact the active intracerebral circulation, spread rapidly and diffuse into the brain stem respiratory centre. 4 ,5 Clinical reports and studies ofventilatory effects have shown that the maximum risk of delayed respiratory depression occurs six to ten hours after epidural morphine. 4 ,6,35,36 Even in the young, low-risk obstetric population, a prospective series of 1000 cases found four cases of low respiratory rate, two of whom were treated with naloxone. 37 However, delayed respiratory depression in this setting is not a problem with either of the drugs used in this study, as confirmed by respiratory function studies,16-18 clinical trials,11,14,19,20 a very large series of clinical administrations,38 and the absence of case reports of this problem in the literature. Early clinical respiratory depression has been reported after epidural pethidine ll ,39 and probably reflects a contribution from plasma levels secondary to epidural venous absorption, or a direct redistribution of drug to the brain. The latter mechanism may explain the very rapid onset of clinically detectable respiratory depression noted in one patient who received epidural pethidine in this study. The pregnant woman has raised intra-abdominal, and at times epidural space pressure, with increased azygous venous system flow such that epidural opioid may rapidly reach the brain via the valveless basivertebral system, which connects directly to the intracerebral venous system. 4 In this patient, the respiratory rate fell from 16 to 8 breaths per minute in five minutes and a reduced rate persisted for an hour, during which time she was closely observed and remained clinically uncompromised. There was no evidence of inadvertent subarachnoid administration of opioid, which may also give rise to respiratory depression of early onset. 40 It remains imperative that following the administration of any opioid, strict guidelines be followed with respect to patient observation and management.
In conclusion, this study confirmed that both epidural pethidine 50 mg and fentanyl 100 mcg are appropriate, rapidly acting opioids for intraoperative pain relief during caesarean section. Both produce good analgesia and have a similar duration of effect and incidence of side-effects.
By virtue of a slightly faster onset of action, epidural fentanyl 100 mcg offers a small clinical advantage over pethidine 50 mg in this setting.
